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(54) Apparatus and method for controlling the temperature of a substrate 



(57) A substrate processing apparatus according to 
this invention includes a first chamber (1), a second 
chamber (3) which has a first valve (4) and a second 
valve (5), and communicates with the first chamber 
through said second valve, a thermoregulator which 
regulates a temperature of the substrate arranged in the 



second chamber, and a controller (30) which controls a 
time for which the thermoregulator regulates the tem- 
perature of the substrate. A substrate transferred to the 
second chamber through the first valve is temporally 
held in the second chamber, and then transferred to the 
first chamber through the second valve. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a substrate 
processing apparatus and substrate control method 
and, for example to a substrate processing apparatus 
and a substrate processing method suitable for a man- 
ufacturing process o' a device such as a semiconductor 
device or liquid crystal display device. 

BACKGROUND OF THE INVENTION 

[0002] Along with nn increase in degree of integration 
of a semiconductor devee a semiconductor integrated 
circuit has been t jnner micropar.crned. 
[0003] For example considcnrg a semiconductor ex- 
posure apparatus wntcn transfers a circuit pattern onto 
a silicon substra o inc wavelength of exposure light 
used in exposure mus>t be btwiten lor micropatterning. 
The wavelength n*s been shortened from a g-line and 
i-line to a KrF User beam ArT laser beam, F 2 laser 
beam, soft X-ray radiated from an SR ring, or the like. 
[0004] The exposure tight with a short wavelength, 
such as the F 2 laser beam or soft X-ray is greatly atten- 
uated in the air Thus the exposure unit of an exposure 
apparatus is stored in a chamber wherein N 2 atmos- 
phere or Ppressuro-mduced Ho atmosphere providing 
small attenuation of the exposure light is formed or a 
vacuum atmosphere is formed for an electron beam ex- 
posure apparatus and the like In a substrate processing 
apparatus or the like, when process gas is different from 
the air or when oxidation of a resist on the substrate is 
to be prevented, an atmosphere different from the air or 
the vacuum atmosphere is formed in a chamber. 
[0005] Conventionally, as this processing apparatus, 
an arrangement shown in Figs. 7 and 8 is known. The 
substrate processing apparatus of this type includes a 
process chamber 1 serving as the first chamber which 
stores a process station for, e.g.. exposing the substrate 
in the atmosphere different from the air. and a substrate 
supply portion 10 arranged in the air. 
[0006] The substrate supply portion 10 includes a 
substrate carrier support portion 101 . on which a carrier 
102 storing the substrate is placed manually or by an 
automatic transfer apparatus. 

[0007] In order lo transfer a substrate to be processed 
between the process chamber 1 and the substrate sup- 
ply portion 1 0, a load-lock chamber 3 serving as a sec- 
ond process chamber is arranged. A plurality of load- 
lock chambers 3 may be arranged for loading/unload- 
ing. 

[0008] In the apparatus shown in Figs, 7 and 8, the 
pressure- reduced He atmosphere is formed in the proc- 
ess chamber 1 which stores the processing unit. 
[0009] The load-lock chamber 3 has a first gate valve 
4 on the air side to shield the load-lock chamber 3 from 
the substrate supply portion 10 in the air, and a second 
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gate valve 5 on the process chamber 1 side to shield 
the load-lock chamber 3 from the process chamber 1 . 
The load-lock chamber 3 also has an exhaust mecha- 
nism 12 for exhausting gas from the load-lock chamber 

5 3, an He gas supply portion 1 3 for supplying He gas into 
the load-lock chamber 3, and an N 2 gas supply portion 
14 for supplying N 2 gas into the load-lock chamber 3. 
[0010] The load-lock chamber 3 includes a substrate 
holding chuck 6 designed to store, e.g. : one or a plurality 

10 of substrates. 

[001 1 ] In the air, a first transfer mechanism 7 for trans- 
ferring the substrate between the substrate carrier 102 
on the carrier support portion 101 and the load-lock 
chamber 3 is arranged. In a preliminary chamber 2 con- 

15 nected between the process chamber 1 and the load- 
lock chamber 3, a second transfer mechanism 8 for 
transferring the substrate between the load-lock cham- 
ber 3 and a process station (exposure process portion) 
20 is arranged. 

20 [001 2] The operation of the above conventional appa- 
ratus will be described below. 

[0013] The first transfer mechanism 7 extracts one 
substrate from the substrate carrier 102 placed on the 
carrier support portion 1 01 , and transfers the substrate 

25 to the load-lock chamber 3. 

[0014] When the substrate is loaded into the load-lock 
chamber 3 and placed on the substrate holding chuck 
6, the first gate valve is closed to shield the load-lock 
chamber 3 from the air. The atmosphere in the load-lock 

30 chamber 3 is purged. 

[001 5] Purging the atmosphere in the load-lock cham- 
ber 3 is performed to be described below. 
[0016] A vacuum exhaust valve 122 is opened in a 
state wherein the load-lock chamber 3 is shielded from 

35 the air and the chamber 1 by closing the first and second 
gate valves 4 and 5. The gas is then exhausted from the 
load-lock chamber 3 by a vacuum exhaust pump (not 
shown) via a vacuum exhaust pipe 121 . 
[0017] The chamber is evacuated to a predetermined 

40 vacuum degree. After evacuating the chamber to the 
predetermined vacuum degree, the vacuum exhaust 
valve 122 is closed, and the evacuation is stopped. 
[001 8] The gas supply valve is then opened. The load- 
lock chamber 3 shown in Fig. 8 includes an He gas sup- 
piy valve 1 32 and N 2 gas supply valve 1 42. At this stage , 
the He gas supply valve 1 32 of these supply valves is 
opened to supply the same gas as the atmosphere in 
the chamber 1 storing the process station (exposure 
process portion) 20. 

50 [0019] Until the pressure in the load-lock chamber 3 
equals that in the process chamber 1 , the He gas is sup- 
plied. When the pressure in the load-lock chamber 3 
equals that in the process chamber 1 , the He gas supply 
valve 132 is closed to stop supplying the He gas. 

55 [0020] When supply of the He gas is stopped, the sec- 
ond gate valve 5 is opened. The substrate on the sub- 
strate holding chuck 6 is extracted by the second trans- 
fer mechanism 8 in the preliminary chamber 2, and 



EP1 282 157 A2 



3 



EP1 282 157 A2 



4 



transferred to the process station (exposure process 
portion) 20 in the process chamber 1 . 
[0021 ] The substrate processed in the process station 
(exposure process portion) 20 is returned to the sub- 
strate carrier 102 via the load-lock chamber 3 by the first 
and second transfer mechanisms 7 and 8. 
[0022] During evacuation of the load-lock chamber 3 
in the above apparatus, adiabatic expansion occurs in 
the load-lock chamber 3, and the gas in the load-lock 
chamber 3 is cooled. 

[0023] At this time, since the substrate and substrate 
holding chuck 6 in the load-lock chamber 3 are exposed 
to the gas in the load-lock chamber 3, their temperatures 
are reduced along with cooling the gas. The substrate 
cooled by the adiabatic expansion in the load-lock 
chamber 3 is loaded into the process chamber 1 and 
processed at the end of purging the atmosphere. 
[0024] In the exposure apparatus, the substrate tem- 
perature needs to be controlled with high precision in 
order to obtain high transfer precision, the high line- 
width precision, and the like. However, in the conven- 
tional apparatus, the temperature of the substrate load- 
ed into the process chamber 1 via the load-lock chamber 
3 is reduced as described above. Hence, the transfer 
precision deteriorates when exposure is performed for 
the wafer in this state, thus posing a problem. 
[0025] As a prior art related to the problem as de- 
scribed above, an example is available, in which in order 
to control the substrate to a predetermined temperature, 
the substrate is brought into contact with ambient gas 
and a substrate transfer means to gradually increase the 
substrate temperature to the predetermined tempera- 
ture. 

[0026] Such a method requires a long period of time 
for which the substrate reaches the predetermined tem- 
perature. This makes it difficult to improve the through- 
put. Specifically, in the apparatus in which the chamber 
is evacuated, since heat exchange is not performed with 
the ambient gas, thermoregulation by the ambient gas 
is not expected. 

[0027] Hence, in this case, the substrate is thermally 
regulated by only contact with the substrate transfer 
means . This requires a longer period of time for which 
the substrate reaches the predetermined temperature. 

SUMMARY OF THE INVENTION 

[0028] An embodiment of the present invention seeks 
to provide a substrate processing apparatus which pre- 
vents an decrease in throughput due to an decrease in 
temperature of a substrate along with a reduction in 
pressure in a load-rock chamber, a substrate controlling 
method, and an exposure apparatus. 
[0029] The first aspect of the present invention is re- 
lated to a substrate processing apparatus. The sub- 
strate processing apparatus comprises a first chamber, 
a second chamber which has a first valve and a second 
valve, and communicates with the first chamber through 



said second valve, a thermoregulator which regulates a 
temperature of the substrate arranged in the second 
chamber, and a controller which controls a time for 
which the thermoregulator regulates the temperature of 

5 the substrate. In this apparatus, a substrate transferred 
to the second chamber through the first valve is tempo- 
rally held in the second chamber, and then transferred 
to the first chamber through the second valve. 
[0030] According to a preferred embodiment of the 

io present invention, the thermoregulator heats the sub- 
strate. 

[0031] According to another preferred embodiment of 
the present invention, the apparatus further comprises 
a pressure reduction section which reduces a pressure 
15 in the second chamber and the pressure reduction sec- 
tioin makes a relationship between the pressure in the 
second chamber and a pressure reduction time for 
which the pressure in the second chamber is reduced 
fall within a predetermined range. 
20 [0032] According to still another preferred embodi- 
ment of the present invention, the apparatus further 
comprises a gas supply portion which supplies a prede- 
termined gas into the second chamber. 
[0033] According to still another preferred embodi- 
es ment of the present invention, said thermoregulator is 
arranged in a chuck for holding the substrate, the chuck 
inluding an electrostatic chuck. 

[0034] According to still another preferred embodi- 
ment of the present invention, said thermoregulator is 
30 arranged in a chuck for holding the substrate, the chuck 
being controled to have substantially a constant power 
to chuck the substrate. 

[0035] According to still another preferred embodi- 
ment of the present invention, the thermoregulator is ar- 
35 ranged in a chuck, and the apparatus further comprises 
a driving section which separates the substrate from the 
chuck. 

[0036] According to still another preferred embodi- 
ment of the present invention, the controller controls the 

40 driving section so as to make a time for which the sub- 
strate is held by the chuck constant. 
[0037] According to still another preferred embodi- 
ment of the present invention, the thermoregulator reg- 
ulates a temperature of the chuck to be higher than a 

45 temperature at which the substrate is to be processed 
in the first chamber. 

[0038] According to still another preferred embodi- 
ment of the present invention, the apparatus further 
comprises a transfer section which transfers the sub- 
so strate, the thermoregulator is arranged in a chuck, and 
the controller controls the transfer section so as to make 
a time for which the substrate is held by the chuck con- 
stant. 

[0039] According to still another preferred embodi- 
es ment of the present invention, the thermoregulator reg- 
ulates a temperature of the chuck to be higher than a 
temperature at which the substrate is to be processed 
in the first chamber. 
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[0040] The second aspect of the present invention is 
related to a substrate processing method. The method 
includes the steps of regulating a temperature of a sub- 
strate in a load-rock chamber, controlling a time for 
which the temperature of the substrate are regulated in 
the load-rock chamber, transferring the substrate from 
the load-rock chamber to a process chamber, and 
processing the substrate in the process chamber. 
[0041] The third aspect of the present invention is re- 
lated to a device manufacturing method. The method 
comprises the steps of installing, in a device manufac- 
turing factory, manufacturing apparatuses for various 
processes including the substrate processing apparatus 
defined in claim 1 and manufacturing a device by a plu- 
rality of processes using the manufacturing apparatus- 
es. 

[0042] According to a preferred embodiment of the 
present invention, the method further comprises the 
steps of connecting the manufacturing apparatuses via 
a local area network, and communicating information 
about at least one of the manufacturing apparatuses be- 
tween the local area network and an external network 
outside the device manufacturing factory. 
[0043] According to another preferred embodiment of 
the present invention, the method further comprises the 
step of accessing a database provided by a vendor or 
user of the substrate processing apparatus via the ex- 
ternal network, thereby obtaining maintenance informa- 
tion of the exposure apparatus by data communication. 
[0044] According to still another preferred embodi- 
ment of the present invention, the method further com- 
prises the step of performing data communication be- 
tween the device manufacturing factory and another de- 
vice manufacturing factory via the external network, 
thereby performing production management. 
[0045] The fourth aspect of the present invention is 
related to a device manufacturing factory. The device 
manufacturing factory comprises manufacturing appa- 
ratuses for various processes including the substrate 
processing apparatus defined in claim 1 , a local area 
network for connecting the manufacturing apparatuses, 
and a gateway for allowing access to the local area net- 
work and an external network outside the device man- 
ufacturing factory, wherein information about at least 
one of the manufacturing apparatuses can be commu- 
nicated between the local area network and the external 
network. 

[0046] The fifth aspect of the present invention is re- 
lated to a maintenance method of the substrate process- 
ing apparatus defined in claim 1 and installed in the de- 
vice manufacturing factory. The method comprises the 
steps of making a vendor or user of the substrate 
processing apparatus provide a maintenance database 
connected to an external network outside the device 
manufacturing factory, allowing access to the mainte- 
nance database from the device manufacturing factory 
via the external network, and transmitting maintenance 
information accumulated in the maintenance database 



to the device manufacturing factory via the external net- 
work. 

[0047] According to a preferred embodiment of the 
present invention, the above substrate processing ap- 
5 paratus preferably further comprises a display, a net- 
work interface, and a computer for executing network 
software, and maintenance information of the substrate 
processing apparatus can be communicated via a com- 
puter network. 

10 

Embodiments of the present invention will now be 
described 

[0048] in conjunction with the accompanying draw- 
15 ings, in which like reference characters designate the 
same or similar parts throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 [0049] The accompanying drawings, which are incor- 
porated in and constitute a part of the specification, il- 
lustrate embodiments of the invention. 

Fig. 1 is a plan view showing the arrangement of a 
25 substrate processing apparatus according to a pre- 
ferred embodiment of the present invention; 
Fig. 2 is an elevation showing the arrangement of 
the substrate processing apparatus according to 
the preferred embodiment of the present invention; 
30 Figs. 3A and 3B are views for explaining an exam- 
ple of a thermoregulator for a substrate according 
to the preferred embodiment of the present inven- 
tion; 

Figs. 4A and 4B are views for explaining another 
35 example of a thermoregulator for a substrate ac- 
cording to the preferred embodiment of the present 
invention; 

Figs. 5A and 5B are views for explaining still another 
example of a thermoregulator for a substrate ac- 
40 cording to the preferred embodiment of the present 
invention; 

Figs. 6A and 6B are graphs each <**><*wing a change 
in temperature of a substrate; 
Fig. 7 is a plan view for explaining a conventional 
45 apparatus arrangement; 

Fig. 8 is an elevation for explaining the conventional 
apparatus arrangement; 

Fig. 9 is a view showing one example of an expo- 
sure apparatus main body according to the pre- 

50 ferred embodiment of the present invention; 

Fig. 1 0 is a view showing a semiconductor device 
production system using the apparatus according 
to the preferred embodiment of the present inven- 
tion when viewed from a given angle; 

55 Fig. 11 is a view showing a semiconductor device 
production system using the apparatus according 
to the preferred embodiment of the present inven- 
tion when viewed from another given angle; 
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Fig. 12 is a view of a practical example of a user 
interface; 

Fig. 1 3 is a flow chart showing a semiconductor de- 
vice manufacturing process; and 
Fig. 14 is a flow chart showing a wafer process. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

(Embodiment of Substrate Processing Apparatus) 

[0050] Fig. 1 is a plan view showing an arrangement 
of a substrate processing apparatus according to a pre- 
ferred embodiment of the present invention, and Fig. 2 
is an elevation of the apparatus. 
[0051] The substrate processing apparatus according 
to this embodiment comprises a process chamber 1 
serving as the first process chamber and a substrate 
supply portion 1 0 arranged in the air. The process cham- 
ber 1 is arranged as an exposure apparatus having an 
internal space in which an exposure process portion 20 
for transferring a pattern to a substrate is arranged and 
a pressure-reduced He atmosphere is maintained. 
[0052] The substrate supply portion 10 has a sub- 
strate carrier support portion 101, on which a substrate 
carrier 1 02 storing a substrate (wafer) W is placed man- 
ually or by an automatic transfer apparatus. A prelimi- 
nary chamber 2 wh ich contains a second transfer mech- 
anism 8 is connected to the process chamber 1 . 
[0053] In order to transfer the substrate (wafer) W 
serving as a photosensitive substrate, a load-lock cham- 
ber 3 serving as the second chamber is arranged be- 
tween the process chamber 1 and the substrate supply 
portion 1 0. The load-lock chamber 3 includes a first gate 
valve 4 on the air side to shield the load-lock chamber 
3 from the substrate supply portion 1 0 in the air (external 
environment), and a second gate valve 5 on the cham- 
ber side to shield the load-lock chamber 3 from the pre- 
liminary chamber 2. 

[0054] The load-lock chamber 3 also includes a ma- 
nometer 31 for measuring a pressure in the load-rock 
chamber 3 : an exhaust mechanism 12 for exhausting 
gas from the load-lock chamber 3, and gas supply por- 
tions for supplying gas to the load-rock chamber 3. In 
this embodiment, an He gas supply portion 13 for sup- 
plying He gas and an N 2 gas supply portion 14 for sup- 
plying N 2 gas are arranged as one example of the gas 
supply portions. 

[0055] The exhaust mechanism 1 2 has a vacuum ex- 
haust pump (not shown), a vacuum supply pipe 121 for 
connecting the vacuum exhaust pump and the load-rock 
chamber 3, and a vacuum exhaust valve 122 for regu- 
lating the flow rate of gas flowing to the vacuum exhaust 
pump through an exhaust port. The exhaust mechanism 

12 is also has a flowmeter 123 for measuring the flow 
rate of gas flowing in the vacuum exhaust tube 121. 
[0056] The gas supply portions (He gas supply portion 

13 and N 2 gas supply portion 1 4) have the same struc- 
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ture. For example, the He gas supply portion 13 has a 
supply pipe 131 for connecting the He gas supply por- 
tion 13 to the load-rock chamber 3, a gas supply valve 
132 for controlling supply of gas flowing in the supply 

5 pipe 1 31 , and a gas supply flowmeter 1 34 for measuring 
the flow rate of gas flowing between the gas supply valve 
1 32 and load-rock chamber 3. Similarly, the N 2 gas sup- 
ply portion 14 has a supply pipe 141 for connecting the 
N 2 gas supply portion 14 to the load-rock chamber 3, a 

10 gas supply valve 1 42 for controlling supply of gas flow- 
ing in the supply pipe 141 , and a gas supply flowmeter 
144 for measuring the flow rate of gas flowing between 
the gas supply valve 142 and load-rock chamber 3. 
[0057] Particles are removed by a filter 133 from the 

15 supply gas supplied from the He gas supply portion 13 
through the gas supply valve 132 and gas supply flow- 
meter 134, and the cleaned gas is supplied to the proc- 
ess chamber 1 through the load-rock chamber 3. Simi- 
larly, particles are removed by a filter 143 from the sup- 

20 ply gas supplied from the N 2 gas supply portion 14 
through the gas supply valve 142 and gas supply flow- 
meter 144, and the cleaned is supplied to the process 
chamber 1 through the load-rock chamber 3. 
[0058] The load-rock chamber 3 has a substrate hold- 

25 jng chuck 6 designed, e.g., to store one or a plurality of 
substrates. 

[0059] In this embodiment, the substrate holding 
chuck 6 is an electrostatic suction chuck which attracts 
a substrate by applying a voltage from a power source 

30 (not shown) . The substrate holding chuck 6 has a volt- 
meter (not shown) which indicates an applied voltage. 
[0060] Figs. 3A and 3B are views showing the sub- 
strate holding chuck 6 in this embodiment. 
[0061 ] The substrate holding chuck 6 has an internal 

35 electrode 61 and a heating element 62 which forms a 
thermoregulator. As the heating element 62, for exam- 
ple, a heater may be used. 

[0062] The substrate holding chuck 6 has a tempera- 
ture sensor (not shown) which measures temperatures 

40 of the substrate holding chuck 6 and provides measure- 
ment results to the controller of the heating element 62. 
[0063] The substrate holding chuck 6 is further has a 
driving section which lifts the substrate (wafer) W. The 
driving section may be formed by, e.g., three pins 63 

45 shown in Fig. 3A, but the present invention is not limited 
to this. The driving section may have an arbitrary struc- 
ture as far as it can lift the substrate (wafer) W. 
[0064] Preferably, the load-rock chamber 3, the first 
transfer mechanism 7 for transferring a substrate, and 

so the second transfer mechanism 8 are arranged to trans- 
fer the substrates one by one. In addition, in order to 
minimize an exhaustion time, the internal volume of the 
load-rock chamber 3 is preferably set to a minimum size. 
[0065] A first transfer mechanism 7 fortransf erring the 

55 substrate (wafer) W between the substrate carrier 102 
on the substrate carrier support portion 101 and the 
load-lock chamber 3 is arranged in the air. The second 
transfer mechanism 8 for transferring the substrate (wa- 
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fer) W between the load-lock chamber 3 and process 
station (exposure process portion) 20 is arranged in the 
preliminary chamber 2 connected between the process 
chamber 1 and the load-lock chamber 3. 
[0066] When the wafer W is to be transferred between 
the substrate holding chuck 6 and the first and second 
transfer mechanisms 7 and 8, the three pins 63 lift the 
wafer W. 

[0067] The substrate holding hand of the first or sec- 
ond transfer mechanism 7 or 8 is inserted in a gap be- 
tween the substrate holding chuck 6 and the wafer W 
lifted by the three pins 63. The substrate holding hand 
lifts the substrate (wafer) W to separate it from the three 
pins 63 of the chuck 6. The first or second transfer mech- 
anism 7 or 8 transfers the substrate (wafer) W separated 
from the three pins 63 of the chuck 6. Note that the first 
and second transfer mechanisms 7 and 8 transfer the 
substrate (wafer) W in a horizontal direction in this em- 
bodiment, but the present invention does not limited to 
this. For example, the first and second transfer mecha- 
nism 7 and 8 may transfer the substrate (wafer) W in an 
arbitrary direction, e.g., a vertical direction. 
[0068] The operation of the substrate (wafer) transfer 
in the exposure apparatus according to the present em- 
bodiment will be described next. 

[0069] The arm of the first transfer mechanism 7 is 
inserted in the substrate carrier 1 02 in the air, and a sin- 
gle substrate (wafer) W is extracted by this arm. The first 
transfer mechanism 7 holds the substrate (wafer) W 
while bending its arm. Meanwhile, the pressure gauge 
31 measures the state of the atmosphere in the load- 
lock chamber 3. 

[0070] Assume that the pressure of the load-rock 
chamber 3 measured by the pressure gauge 31 at that 
time is the atmospheric pressure. In this case, the first 
transfer mechanism 7 rotates its arm toward the load- 
rock chamber 3, and after confirming the opening state 
of the first gate valve 4, the first transfer mechanism 7 
stretches its arm toward the substrate (wafer) W to load 
it into the load-rock chamber 3. The substrate (wafer) W 
is placed on the three pins 63 of the substrate holding 
chuck 6. 

[0071] After the first transfer mechanism 7 moves its 
arm backward to separate it from the substrate (wafer) 
W, the three pins 63 of the substrate holding chuck 6 
move downward to attract and held the substrate (wafer) 
W by the substrate holding chuck 6. 
[0072] The thermoregulator starts thermal regulation 
to the wafer W from a timing when the wafer W is at- 
tracted and held by the substrate holding chuck 6. A con- 
troller 30 manages the time from a timing when the ther- 
moregulator starts the thermal regulation to the wafer W. 
[0073] After the substrate (wafer) W is attracted and 
held by the substrate holding chuck 6, the first gate valve 
4 is closed, and the air is purged with He. A time from 
when the substrate (wafer) W is hold by the substrate 
holding chuck 6 until the first evacuation for atmosphere 
purging is started is a predetermined time. 



[0074] To purge the atmosphere, the air is exhausted 
to a vacuum first. Preferably, the vacuum exhaust pump 
(not shown) is always operated. This always keeps vac- 
uum a region from the vacuum exhaust pump to the vac- 
5 uum exhaust valve 122. When the first gate valve 4 is 
closed and the vacuum exhaust valve is opened, evac- 
uation is started. 

[0075] In this embodiment, preferably, in, e.g., device 
assembly, device maintenance, or a test process, an ex- 

10 periment is conducted in advance to obtain a curve rep- 
resenting the relationship between a pressure in the 
load-rock chamber 3 and a pressure reduction time 
(vacuum suction time) for which a pressure in the load- 
rock chamber3 is reduced bythe vacuum exhaust pump 

J5 (not shown), and the experiment resultant is prepared 
as data. 

[0076] In evacuating the load-rock chamber 3, the re- 
lationship between a vacuum suction time and a pres- 
sure in the load-rock chamber 3 has been monitored by 

20 the exhaust gas flowmeter 123 and the pressure gauge 
31 of the load-rock chamber 3. When the relationship 
falls outside a predetermined range with respect to the 
curve, the opening degree of the exhaust valve 122 is 
controlled such that the relationship falls within the pre- 

25 determined range. The predetermined range is set nar- 
rower than an allowable value in the curve representing 
the relationship between a pressure and a vacuum suc- 
tion time decided from the adiabatic cooling of the sub- 
strate (wafer) W. The relationship between a vacuum 

30 suction time and pressure is controlled such that it does 
not exceed the allowable value of the curve representing 
the relationship between the predetermined vacuum 
suction time and pressure. 

[0077] Alternatively, the relationship between a pres- 

35 sure in the load-rock chamber 3 and a vacuum suction 
time can also be monitored by using the pressure gauge 
31 of the load-rock chamber 3 and the elapse of time. 
[0078] That is, even if the pressure of the load-rock 
chamber 3 is not controlled by the vacuum exhaust 

40 valve 122 : a vacuum suction time and pressure are 
measured to obtain a curve representing the relation- 
ship therebetween, and it is confirmed to fall the curve 
representing the relationship therebetween within a pre- 
determined range, thereby omitting the control of the 

45 vacuum exhaust valve 1 22. 

[0079] After evacuating the load-rock chamber 3 to 
reach the measurement value of a pressure therein 
measured by the pressure gauge 31 of the load-rock 
chamber 3 to a predetermined value, the vacuum ex- 

so haust valve 1 22 is closed, and the operation of drawing 
to a vacuum in the load-rock chamber 3 ends. When the 
pressure value in the load-rock chamber 3 becomes the 
predetermined pressure value, the evacuation ends. 
Consequently, a time from the start to the end of the 

55 evacuation is constant every time. 

[0080] With this operation, the relationship between a 
vacuum suction time and pressure is made constant 
every time. 
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[0081] In the evacuation operation described above, 
gas in the load-rock chamber 3 is cooled by adiabatic 
expansion, and the substrate (wafer) W in contact with 
the cooled gas is similarly cooled. 

[0082] Since the apparatus and a clean room in which 5 
the apparatus is installed are in a constant temperature 
environment, the temperatures of the device and the 
plurality of substrates (wafers) W before the evacuation 
operation are constant. 

[0083] Since a final pressure and a vacuum suction 
time after the evacuation operation are respectively con- 
stant, a decrease in temperature due to the adiabatic 
expansion of gas to be exhausted is made constant. 
[0084] The relationship between a time for which the 
cooled gas is in contact with the substrate (wafer) W and 
the temperatures of the gas in that time becomes con- 
stant because the relationship between the vacuum 
suction time and pressure is made constant. 
[0085] Therefore, even when the substrate (wafer) W 
is cooled by the adiabatic expansion of gas, the temper- 
ature of the cooled substrate (wafer) W is uniformly con- 
trolled. 

[0086] The gas supply valve is then opened. The load- 
rock chamber 3 in Fig. 2 has the He gas supply valve 
132 and N 2 gas supply valve 142 serving as the gas 
supply valves. A gas supply valve which is opened in 
this case is a gas supply valve for supplying the same 
gas as the atmosphere in the process chamber 1 , which 
is the He gas supply valve 132. 
[0087] The He gas supply portion 1 3 supplies He gas 
until a pressure in the load-rock chamber 3 equals that 
in the process chamber 1 . When a pressure in the load- 
rock chamber 3 equals that in the process chamber 1, 
the He gas supply valve 132 is closed, and supply of the 
He gas is stopped. 

[0088] The flow rate of the supply gas supplied from 
the He gas supply portion 13 is measured by the gas 
supply flowmeter 134. The gas supply flowmeter 134 is 
so controlled as to end supply of gas within a predeter- 
mined time. 

[0089] The predetermined time is preferably decided 
in advance on the basis of the relationship between a 
flow rate and the volume of the load-rock chamber 3. 
The gas supply valves 132 and 142 may be controlled 
on the basis of the measurement values of the gas sup- 
ply flowmeters 134 and 144 so as to end supply of gas 
within a predetermined time. 

[0090] After stopping supply of the He gas, the second 
gate valve 5 is opened, and the second transfer mech- 
anism 8 of the preliminary chamber 2 extracts the sub- 
strate (wafer) W in the load-rock chamber 3 to transfer 
it to the process station (exposure process portion) 20. 
[0091 ] At this time, the controller 30 controls a thermal 
regulating time by the substrate holding chuck 6 so as 
to make constant a time for which the substrate (wafer) 
W is held on a holding portion (substrate holding chuck 
6). 

[0092] More specifically, in this embodiment, after the 



substrate (wafer) W is held by the substrate holding 
chuck 6 for a predetermined time, the controller 30 con- 
trols the three pins 63 of the chuck to lift the substrate 
(wafer) W. 

[0093] At the stage in which the three pins 63 lift the 
substrate (wafer) W, the chuck 6 ends the thermal reg- 
ulation to the substrate (wafer) W. The second transfer 
mechanism 8 then receives the substrate (wafer) W. 
[0094] The chuck 6 is preferably an electrostatic 
chuck. This makes a suction force for the substrate (wa- 
fer) W constant regardless of the ambient pressure if an 
apply voltage to an internal electrode is set constant. 
[0095] In this case, an apply voltage to the internal 
electrode is measured by the voltmeter (not shown) and 
kept constant. 

[0096] By keeping the suction force constant, the con- 
tact thermal resistance between the substrate holding 
chuck 6 and substrate (wafer) W is made constant. 
[0097] The chuck 6 is similarly cooled by the adiabatic 
expansion of gas in the load-rock chamber 3, but the 
thermoregulator (heater) can keep the temperatures of 
the substrate (wafer) W and substrate holding chuck 6 
constant on the basis of a measurement result from the 
temperature sensor (not shown) formed in the chuck 6. 
[0098] With this operation, heat given from the chuck 
6 to the substrate (wafer) W is made constant. 
[0099] If the temperature of the chuck 6 is kept at an 
appropriate temperature in advance, even when the 
substrate (wafer) W is cooled, an decrease in tempera- 
ture of the substrate (wafer) W can be recovered by 
heating the chuck 6 to a temperature higher than the 
decrease in temperature. The temperature of the sub- 
strate (wafer) W is thus kept constant at high precision. 
[0100] A temperature t1 of the chuck 6 is set at, e.g., 
the same temperature as a predetermined temperature 
at which the substrate (wafer) W is to be processed in 
the process chamber 1 . 

[0101] In this case, a change in temperature of the 
substrate (wafer) W represents the curve shown in Fig. 
6A. A temperature t of the substrate (wafer) W comes 
close gradually to a predetermined temperature at 
which the substrate (wafer) W is to be processed in the 
process chamber 1 (e.g., t1 ). That is, the temperature t 
of the substrate (wafer) W becomes stable in the range 
of the predetermined temperature after a time T1 . 
[0102] To improve a throughput, if a time for which the 
substrate (wafer) W is held by the chuck 6 is to be short- 
ened, the temperature of the chuck 6 can be set at a 
temperature t2 higher than the temperature t1 at which 
the substrate (wafer) W is to be processed in the proc- 
ess chamber 1 (e.g., 30°C is set with respect to the 
processing temperature of 23°C). 
[0103] In this case, a change in temperature of the 
substrate (wafer) W represents the curve shown in Fig. 
6B. The temperature of the substrate (wafer) W gradu- 
ally increases after the elapse of a time T3, and is then 
close gradually to the temperature t2 of the chuck 6. 
When the time T3 has elapsed, the controller 30 controls 



15 



20 



25 



30 



35 



40 



45 



50 



7 



BNSDOCID <EP 12821 57 A2 I > 



13 



EP 1 282 157 A2 



14 



the chuck 6 to lift the substrate (wafer) W by its three 
pins 63 and to end thermal regulation operation for the 
substrate (wafer) W. The controller 30 controls the 
chuck 6 to stop thermal regulation to the substrate (wa- 
fer) W when the time T3 has elapsed, thereby making 
the temperature of the substrate (wafer) W at a prede- 
termined temperature at which the substrate (wafer) W 
is to be processed by the process chamber 1 . This has 
an advantage in that the time T3 for which the substrate 
holding chuck 6 is held the substrate (wafer) W is shorter 
than the time T1 . 

[0104] In this case, after a predetermined time (e.g., 
the t3) has elapsed since the three pins 63 of the chuck 
6 move the substrate (wafer) W downward, the control- 
ler 30 can control the chuck 6 to lift the substrate (wafer) 
W by its three pins 63, and control the transfer mecha- 
nism to transfer the substrate (wafer) W. 
[0105] Note that considering heat transfer from the 
chuck to the substrate (wafer) W and heat conduction 
of the chuck itself, the chuck 6 is preferably a good heat 
conductor such as copper. 

[0106] In this embodiment, an electrostatic suction 
chuck is preferably used as the chuck 6. Unlike the vac- 
uum suction chuck 6 shown in Figs. 4A and 4B, the elec- 
trostatic suction chuck has a characteristic in that its 
suction force is constant regardless of the pressure of 
the ambient gas. The vacuum suction chuck 6 shown in 
Figs. 4A and 4B has a vacuum suction groove 65 along 
a concentric circle to vacuum-chuck and hold the sub- 
strate (wafer) W. 

[0107] To prevent particles from attaching to the lower 
surface of the substrate (wafer) W, the substrate holding 
chuck 6 in the load-rock chamber 3 preferably has a pin- 
chuck structure. In the pin-chuck structure, thermal 
transfer from the chuck 6 to the substrate (wafer) W sim- 
ilarly occurs through contact portions. The ambient gas 
of the pins is exhausted along with evacuation, and the 
time T3 depends on a decrease in thermal transfer along 
with a decrease in pressure of the ambient gas of the 
pins and the length of time for which the wafer is held 
by the chuck 6, thereby controlling the time T3 to be con- 
stant as described above. 

[0108] The thermoregulator used as a heating means 
is not limited to the afore-mentioned heater, and may 
have a structure so as to flow a fluid such as a thermal- 
regulated gas or liquid in holes 66 for circulation formed 
along a plurality of concentric circles in the chuck 6, as 
shown in Figs. 5A and 5B. 

[0109] The preferred embodiment of the present in- 
vention represents an example of controlling all the pa- 
rameters to become constant, but is not limited to this. 
A parameter which is to reach a predetermined value 
without any control and the like may not be controlled. 
[01 10] In the present embodiment, all parameters are 
controlled to become constant. However, the present in- 
vention is not limited to this, and at least one parameter 
may be so controlled as to become constant. 
[0111] For example, the parameter which is to be- 



come constant in a predetermined range without any 
control, a parameter which hardly affects any process- 
ing for the substrate (wafer) W and need not be control- 
led, and the like may not be controlled. 

5 

(Another Embodiment of Substrate Processing 
Apparatus) 

[0112] In another embodiment to which the present 
10 invention is applied, the atmosphere of a process cham- 
ber 1 which is the first chamber having a process station 
(exposure process portion) 20 which performs exposure 
and the like is a vacuum atmosphere. 
[0113] A load-rock chamber 3 according to the 
is present embodiment to purge the atmosphere between 
the process chamber 1 and a substrate supply portion 
10 in the air is formed, and a preliminary chamber 2 Is 
formed between the load-rock chamber 3 and process 
chamber 1 . 

20 [0114] A second transfer mechanism 8 for transfer- 
ring a substrate between the load-rock chamber 3 and 
process station (exposure process portion) 20 is formed 
in the preliminary chamber 2. 

[0115] The transfer hand of the second transfer mech- 
25 anism 8 is so formed as to make an area in contact with 
a substrate (wafer) W minimum. 

[0116] For example, the transfer hand of the second 
transfer mechanism 8 supports the lower surface of the 
substrate (wafer) W by one or a plurality of pins and op- 

30 poses the side surfaces of the substrate to grippers or 
wall members which are spaced them at an appropriate 
gap so as to prevent the substrate from moving in the 
transfer hand during the transfer. These grippers or 
walls may have a pin shape, which minimizes an area 

35 in contact with the substrate. 

[01 1 7] The transfer hand of the second transfer mech- 
anism 8 has three or more conical pins, each of which 
has a sloping portion on its side surface abutting against 
the side surface of the substrate (wafer) W, and the re- 

40 maining portion not in contact with the substrate. 

[0118] In a vacuum atmosphere, since no heat ex- 
change is performed between atmosphere gas and the 
substrate (wafer) W, the temperature of the substrate 
unloaded from the load-rock chamber 3 changes de- 

45 pending on contact with the second transfer mechanism 
8. 

[0119] To suppress a change in temperature of the 
substrate due to contact of the transfer hand of the sec- 
ond transfer mechanism 8 with substrate (wafer) W, the 
so contact area of the second transfer mechanism 8 and 
substrate (wafer) W is preferably made small as de- 
scribed above. 

[0120] With this structure, the substrate (wafer) W un- 
loaded from the load-rock chamber 3 is transferred to 
55 the process station (exposure process portion) 20 while 
keeping the temperature of the substrate (wafer) W al- 
most constant. 

[0121] As described above, in this embodiment, the 
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temperature of the substrate (wafer) W falls within a pre- 
determined temperature range at a timing when the sub- 
strate is unloaded from the load-rock chamber 3 by the 
second transfer mechanism 8. 

[0122] Thus, the substrate (wafer) W transferred to 
the process station (exposure process portion) 20 al- 
ready has a temperature which falls within the range of 
a predetermined temperature at which the substrate 
(wafer) W is to be processed in the process chamber. 
This requires no thermal regulation in the process sta- 
tion (exposure process portion), so that exposure 
processingcan be immediately started, thereby increas- 
ing the throughput. 

(Embodiment of Exposure Apparatus Main Body) 

[0123] An exposure apparatus main body (exposure 
process portion 20) according to an embodiment of the 
present invention will be described by exemplifying a 
scanning exposure apparatus. Fig. 9 is a front view 
showing an example of the main structure of the scan- 
ning exposure apparatus main body according to the 
preferred embodiment of the present invention. This ex- 
posure apparatus main body is arranged in the above 
process chamber serving as the first process chamber, 
and performs exposure for a substrate (wafer). In Fig. 
9, a lens barrel surface plate 96 is supported by a floor/ 
base 91 via a damper 98. The lens ban-el surface plate 
96 supports a reticle stage surface plate 94, and also 
supports a projection optical system 97 arranged be- 
tween a reticle stage 95 and a wafer stage 93. 
[0124] The wafer stage 93 having a chuck 90 is sup- 
ported on a stage surface plate 92 arranged on the floor/ 
base 91, and holds the substrate (wafer) set on the 
chuck 90 to position the substrate (wafer). The reticle 
stage 95 is supported on the reticle stage surface plate 
94 supported by the lens barrel surface plate 96, and 
can move while mounting the reticle serving as a master 
on which a circuit pattern is formed. Exposure light for 
exposing the reticle mounted on the reticle stage 95 onto 
the substrate (wafer) on the wafer stage 93 is emitted 
from an illumination optical system 99. 
[01 25] The wafer stage 93 is scanned in synchronism 
with the reticle stage 95. During scanning of the reticle 
stage 95 and the wafer stage 93, the positions of both 
stages are continuously detected by interferometers, re- 
spectively, and the detection results are fed back to driv- 
ing units of the reticle stage 95 and wafer stage 93. 
Hence, the scanning start positions of both the stages 
can be accurately synchronized, and the scanning 
speed in a constant-speed scanning region can be con- 
trolled with high precision. While both the stages scan 
the projection optical system 97, the reticle pattern is 
exposed on the substrate (wafer), and the circuit pattern 
is transferred. 



(Embodiment of Semiconductor Production System) 

[0126] A production system for a semiconductor de- 
vice (semiconductor chip such as an IC or LSI, a liquid 

5 crystal panel, a CCD, a thin-film magnetic head, a mi- 
cromachine, or the like) using an apparatus according 
to the present invention will be exemplified. The system 
performs maintenance services such as trouble shoot- 
ing, periodic maintenance, and software distribution for 

10 manufacturing apparatuses installed in a semiconduc- 
tor manufacturing factory by utilizing a computer net- 
work or the like outside the manufacturing factory. 
[0127] Fig. 10 shows the overall system cut out at a 
given angle. In Fig. 1 0, reference numeral 1101 denotes 

15 an office of a vendor (apparatus supply manufacturer) 
which provides a semiconductor device manufacturing 
apparatus. Examples of the manufacturing apparatus 
are semiconductor manufacturing apparatuses for var- 
ious processes used in a semiconductor manufacturing 

20 factory, such as pre-process apparatuses (lithography 
apparatus including an exposure apparatus, resist 
processing apparatus, and etching apparatus, an an- 
nealing apparatus, a film formation apparatus, a planari- 
zation apparatus, and the like) and post-process appa- 
ls ratuses (assembly apparatus, inspection apparatus, 
and the like) . The office 1101 comprises a host man- 
agement system 1108 which provides a maintenance 
database for the manufacturing apparatus, a plurality of 
operation terminal computers 1110, and a LAN (Local 

30 Area Network) 1109 which connects the host manage- 
ment system 1108 and computers 1110 to build an in- 
tranet or the like. The host management system 1108 
has a gateway for connecting the LAN 1109 to Internet 
1 1 05 serving as an external network of the office, and a 

35 security function for limiting external accesses. 

[0128] Reference numerals 1102 to 1104 denote 
manufacturing factories of the semiconductor manufac- 
turer as users of manufacturing apparatuses. The man- 
ufacturing factories 1102 to 11 04 may belong to different 

40 manufacturers or the same manufacturer (pre-process 
factory, post-process factory, and the like). Each of the 
factories 1102 to 1104 is equipped with a plurality of 
manufacturing apparatuses 1106, a LAN (Local Area 
Network) 1111 which connects these apparatuses 1106 

45 to construct an intranet, and a host management system 
1 1 07 serving as a monitoring apparatus which monitors 
the operation status of each manufacturing apparatus 
1 1 06. The host management system 1 1 07 in each of the 
factories 1 1 02 to 1 1 04 has a gateway for connecting the 

50 LAN 1111 in the factory to the Internet 1105 serving as 
an external network of the factory. Each factory can ac- 
cess the host management system 1108 of the office 
1101 of vendor from the LAN 1111 via the Internet 1105. 
The security function of the host management system 

55 1 1 08 authorizes access of only a limited user. More spe- 
cifically, the factory can notify the vendor via the Internet 
1105 of status information (e.g., the symptom of a man- 
ufacturing apparatus in trouble) representing the oper- 
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ation status of each manufacturing apparatus 1106. Al- 
so, the factory can receive, from the vendor, response 
information (e.g.. information designating a remedy 
against the trouble, or remedy software or data) corre- 
sponding to the notification, or maintenance information 
such as the latest software or help information. Data 
communication between the factories 1102 to 11 04 and 
the office 1101 of the vendor and data communication 
via the LAN 1111 in each factory adopt a communication 
protocol (TCP/IP) generally used in the Internet. Instead 
of using the Internet as an external network of the fac- 
tory, a high-security dedicated network (e.g., ISDN) 
which inhibits access of a third party can be adopted. 
The host management system is not limited to the one 
provided by the vendor. The user may construct a data- 
base and set the database on an external network, and 
the host management system may authorize access to 
the database from a plurality of user factories. 
[0129] Fig. 11 is a view showing the concept of the 
overall system of this embodiment that is cut out at a 
different angle from Fig. 10. In the above example, a 
plurality of user factories having manufacturing appara- 
tuses and the management system of the manufactur- 
ing apparatus vendor are connected via an external net- 
work, and production management of each factory or 
information about at least one manufacturing apparatus 
is communicated via the external network. In the exam- 
ple of Fig. 11, a factory having manufacturing appara- 
tuses provided by a plurality of vendors and the man- 
agement systems of the vendors for these manufactur- 
ing apparatuses are connected via the external network 
of the factory, and maintenance information of each 
manufacturing apparatus is communicated. In Fig. 11, 
reference numeral 1201 denotes a manufacturing fac- 
tory of a manufacturing apparatus user (semiconductor 
device manufacturer). Manufacturing apparatuses for 
various processes, e.g., an exposure apparatus 1202, 
resist processing apparatus 1203, and film formation 
apparatus 1204 are installed in the manufacturing line 
of the factory. Fig. 11 shows only one manufacturing fac- 
tory 1201, but a plurality of factories are networked in 
practice. The respective apparatuses in the factory are 
connected to each other by a LAN 1206 to build an in- 
tranet, and a host management system 1205 manages 
the operation of the manufacturing line. 
[01 30] The offices of vendors (apparatus supply man- 
ufacturers) such as an exposure apparatus manufactur- 
er 1210, resist processing apparatus manufacturer 
1220, and film formation apparatus manufacturer 1230 
comprise host management systems 1211, 1221, and 
1231 for executing remote maintenance for the supplied 
apparatuses. Each host management system has a 
maintenance database and a gateway for an external 
network, as described above. The host management 
system 1205 for managing the apparatuses in the man- 
ufacturing factory of the user, and the management sys- 
tems 1211, 1221, and 1231 of the vendors for the re- 
spective apparatuses are connected via the Internet or 



dedicated network serving as an external network 1 200. 
In this system, if a trouble occurs in any one of the man- 
ufacturing apparatuses along the manufacturing line, 
the operation of the manufacturing line stops. This trou- 
5 ble can be quickly solved by remote maintenance from 
the vendor of the apparatus in trouble via the Internet 
1200. This can minimize the stop of the manufacturing 
line . 

[0131 ] Each manufacturing apparatus in the semicon- 
10 ductor manufacturing factory comprises a display, a net- 
work interface, and a computer which executes network 
access software and apparatus operating software 
which are stored in a storage device. The storage device 
is a built-in memory, hard disk, or network file server. 
is The network access software includes a dedicated or 
general-purpose web browser, and provides a user in- 
terface with a window as shown in Fig. 1 2 on the display. 
While referring to this window, the operator who man- 
ages manufacturing apparatuses in each factory inputs, 
20 into input fields on the windows, pieces of information 
such as the model of manufacturing apparatus 1 401 , se- 
rial number 1402, subject of trouble 1403, data of oc- 
currence of trouble 1404, degree of urgency 1405, 
symptom 1406, remedy 1407, and progress 1408. The 
25 pieces of input information are transmitted to the main- 
tenance database via the Internet, and appropriate 
maintenance information is sent back from the mainte- 
nance database and provided on the display. The user 
i nte rf ace provided by the web b rowse r real izes hype rl i n k 
30 functions 1410 to 1412, as shown in Fig. 12. This allows 
the operator to access more detailed information of each 
item, download the latest-version software to be used 
for a manufacturing apparatus from a software library 
provided by a vendor, and download an operation guide 
35 (help information) as a reference for the operator in the 
factory. The maintenance information provided from the 
maintenance database includes information about the 
present invention described above. The software library 
also provides the latest-version software for implement- 
40 ing the present invention. 

[0132] A semiconductor device manufacturing proc- 
ess using the above-described production system will 
be explained. Fig. 13 shows the flow of the whole man- 
ufacturing process of the semiconductor device. In step 
45 1 (circuit design), a semiconductor device circuit is de- 
signed. In step 2 (mask formation), a mask having the 
designed circuit pattern is formed. In step 3 (wafer for- 
mation), a substrate (wafer) is formed by using a mate- 
rial such as silicon. In step 4 (wafer process) called a 
so pre-process, an actual circuit is formed on the substrate 
(wafer) by lithography using the prepared mask and 
substrate (wafer). Step 5 (assembly) called a post-proc- 
ess is the step of forming a semiconductor chip by using 
the substrate (wafer) formed in step 4, and includes an 
55 assembly process (dicing and bonding) and packaging 
process (chip encapsulation). In step 6 (inspection), the 
semiconductor device manufactured in step 5 under- 
goes inspections such as an operation confirmation test 
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and durability test. Afterthese steps, the semiconductor 
device is completed and shipped (step 7). The pre-proc- 
ess and post-process are performed in separate dedi- 
cated factories, and each of the factories receives main- 
tenance by the above-described remote maintenance 
system. Information for production management and 
apparatus maintenance is communicated between the 
pre-process factory and the post-process factory via the 
Internet or dedicated network. 

[0133] Fig. 14 shows the detailed flow of the wafer 
process. In step 11 (oxidation), the substrate (wafer) 
surface is oxidi/od in stop 12 (CVD), an insulating film 
is formed on the substrate (wafer) surface. In step 13 
(electrode formation an electrode is formed on the sub- 
strate (wafer) by vapor deposition. In step 14 (ion im- 
plantation), ions r-.rc mpianted in the substrate (wafer) . 
In step 15 (resist processing) a photosensitive agent is 
applied to the substrate t wafer) In step 16 (exposure), 
the above-mentioned ctpesure apparatus exposes the 
substrate (wafer) to the ci cuit pattern of a mask, and 
prints the circuit pattern on the substrate (wafer). In step 
1 7 (developing) he exposed substrate (wafer) is devel- 
oped. In step 18 (etching) the resist is etched except 
for the developed resist image In step 1 9 (resist remov- 
al), an unnecessary resist after otching is removed. 
These steps are repeated to form multiple circuit pat- 
terns on the substrate iwafer) A manufacturing appa- 
ratus used in eacn stop undergoes maintenance by the 
remote maintenance system which prevents a trouble 
in advance. Even if a trouble occurs, the manufacturing 
apparatus can be quickly recovered The productivity of 
the semiconductor device can be increased in compar- 
ison with the prior art. 

[0134] According to a preferred embodiment of the 
present invention, since the temperature of the sub- 
strate (wafer) loaded into the apparatus via the load-lock 
chamber reaches the predetermined temperature at the 
time of loading, the substrate (wafer) can be immediate- 
ly processed, e.g., subjected to exposure, thereby im- 
proving the throughput. 

[0135] In particular, the larger effect can be attained 
in the apparatus with the evacuated chamber. 
[0136] As many apparently widely different embodi- 
ments of the present invention can be made without de- 
parting from the spirit and scope thereof, it is to be un- 
derstood that the invention is not limited to the specific 
embodiments thereof. 



Claims 

1. A substrate processing apparatus comprising: 
a first chamber; 

a second chamber which has a first valve and 
a second valve, and communicates with said 
first chamber through said second valve, 
wherein a substrate transferred to said second 



chamber through the firstvatve is temporally 
held in said second chamber, and then trans- 
ferred to said first chamberthrough the second- 
valve; 

5 a thermoreguiator which regulates a tempera- 

ture of the substrate arranged in said second 
chamber; and 

a controller which controls a time for which said 
thermoreguiator regulates the temperature of 
10 the substrate. 

2. The apparatus according to claim 1 , wherein said 
thermoreguiator heats the substrate. 

15 3. The apparatus according to claim 1 , further com- 
prising a pressure reduction section which reduces 
a pressure in said second chamber, wherein said 
pressure reduction section makes a relationship be- 
tween the pressure in said second chamber and a 

20 pressure reduction time for which the pressure in- 
said second chamber is reduced fall within a prede- 
termined range. 

4. The apparatus according to claim 3, further com- 
25 prising a gas supply portion which supplies a pre- 
determined gas into said second chamber. 

5. The substrate processing apparatus according to 
claim 1, wherein said thermoreguiator is arranged 

30 in a chuck for holding the substrate, the chuck in- 
luding an electrostatic chuck. 

6. The substrate processing apparatus according to 
claim 1 , wherein said thermoreguiator is arranged 

35 in a chuck for holding the substrate, the chuck being 
controled to have substantially a constant power to 
chuck the substrate. 

7. The apparatus according to claim 1 , wherein said 
40 thermoreguiator is arranged in a chuck, and said 

apparatus further comprises a driving section which 
separates the substrate from the chuck. 

8. The apparatus according to claim 7, wherein said 
45 controller controls said driving section so as to 

make a time for which the substrate is held by the 
chuck constant. 

9. The apparatus according to claim 8, wherein said 
so thermoreguiator regulates a temperature of the 

chuck to be higher than a temperature at which the 
substrate is to be processed in said first chamber. 

10. The apparatus according to claim 1, further com- 
55 prising a transfer section which transfers the sub- 
strate, wherein said thermoreguiator is arranged in 
a chuck, and said controller controls said transfer 
section so as to make a time for which the substrate 
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is held by the chuck constant. 

11. The apparatus according to claim 10, wherein said 
thermoregulator regulates a temperature of the 
chuck to be higher than a temperature at which the 
substrate is to be processed in said first chamber. 

12. A substrate processing method, comprising the 
steps of: 

regulating a temperature of a substrate in a 
load-rock chamber; controlling a time for which 
the temperature of the substrate are regulated 
in the load-rock chamber; 
transferring the substrate from the load-rock 
chamber to a process chamber; and 
processing the substrate in the process cham- 
ber. 

13. A device manufacturing method comprising the 
steps of: 

installing, in a device manufacturing factory, 
manufacturing apparatuses for various proc- 
esses including the substrate processing appa- 
ratus defined in claim 1 ; and 
manufacturing a device by a plurality of proc- 
esses using the manufacturing apparatuses. 

14. The method according to claim 13, further compris- 
ing the steps of: 

connecting the manufacturing apparatuses via 
a local area network; and 
communicating information about at least one 
of the manufacturing apparatuses between the 
local area network and an external network out- 
side the device manufacturing factory. 

15. The method according to claim 14, further compris- 
ing the step of accessing a database provided by a 
vendor or user of the substrate processing appara- 
tus via the external network, thereby obtaining 
maintenance information of themanufacturing ap- 
paratus by data communication. 

16. The method according to claim 14, further compris- 
ing the step of performing data communication with 
the second device manufacturing factory via the ex- 
ternal network, thereby performing production man- 
agement. 

17. A device manufacturing factory comprising: 

manufacturing apparatuses for various proc- 
esses including the substrate processing appa- 
ratus defined in claim 1 ; 
a local area network for connecting the manu- 



facturing apparatuses; and 
a gateway for allowing access to the local area 
network and an external network outside the 
device manufacturing factory, 

5 

wherein information about at least one of the 
manufacturing apparatuses can be communicated 
between said local area network and the external 
network. 

10 

18. A maintenance method for the substrate processing 
apparatus defined in claim 1 that is installed in a 
device manufacturing factory, comprising the steps 

of: 

15 

making a vendor or user of the substrate 
processing apparatus provide a maintenance 
database connected to an external network 
outside the device manufacturing factory; 
20 allowing access to the maintenance database 

from the device manufacturing factory via the 
external network; and 

transmitting maintenance information accumu- 
lated in the maintenance database to the de- 
25 vice manufacturing factory via the external net- 

work. 

19. The apparatus according to claim 1 , wherein 

the apparatus further comprises: 

30 

a display; 

a network interface; and 
a computerf or executing network software, and 
maintenance information of the substrate 
35 processing apparatus can be communicated 

via a computer network. 

20. Apparatus for processing a semiconductor sub- 
strate, comprising a process chamber (1), for 

40 processing one or more substrates therein, and an 
ante-chamber (3) through which substrates may be 
loaded into the process chamber, 
characterised by 

temperature control means (62,66) for con- 
45 trolling the temperature of a substrate in the ante- 
chamber. 

21 . Apparatus according to claim 20 comprising means 
(12) to evacuate or reduce the gas pressure in the 

so ante-chamber (3). 

22. Apparatus according to claim 20 or claim 21 in 
which the temperature control means comprises 
heating means for heating the substrate. 

55 
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